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(54) Title: ESTERIFICATION CATALYSTS 



(57) Abstract 

An organometallic compound suitable for use as a catalyst for the preparation of an ester comprises the reaction product of an orthoester 
or condensed orthoester of titanium, zirconium or aluminium, an alcohol containing at least two hydroxyl groups, an organophosphorus 
compound containing at least one P-OH group and a base. A process for the preparation of an ester comprises carrying out an esterification 
reaction in the presence of the catalyst In a further embodiment the organometallic compound suitable for use as a catalyst in an esterification 
process comprises the reaction product of, in addition, a 2-hydroxy carboxylic acid. 
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a n-S t a r k3S««:«;ifcl L<0 4 «AJ&:7 7* = "Tfcofco #^;xb + -X 
^^-f&lfy^XyJ* (3 Ocm) aSKJEE^^^D e a n-S t a r k^B 
<nm\Z-t «9 0j"tbtb7ci 0 ^^gtt, Dean-Stark^±^*ftai 

[0 0 3 3] 

SAfSO. 5*;v (6 1. 0 6g) as^yxfi/y^ja-zno*^ (6 

2 0 g) |C«SD**tfc- 
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1 



OtrCHIJ&U RJCtt. ^3S«i3itKBffiSra«J^WSEU"C. 19 0-193 

Dean-Star k 36«fc:*£> btbfc. 
[0 0 3 4] 

frfr^tc (»ioog) ^cv>r/u=— /Hc^boSix. fhft£*u li^^LT 

^£ttfc 0 IMS (AV) o*S*fct, 5»A*|fca:^^olEfk**rfHlLi-S^lc« 

[0 0 3 5] 

[0 0 3 6] 
[*2] 
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us m 




— 1 / Jis 


90 min. 


120m in. 


150min. 


180min. 


ci 




46. 09 


53. 05 


61. 05 


66. 16 




Ti(OiPr) 4 


TO. 63 


81. 84 


99. 67 


99. 39 




■>-tr> J A- /Of (~\ 


92.83 


98. 59 


99. 39 


99. 53 




Hl50*J 9 


96. 60 


99. 27 


99. 62 


99. 61 






94. 91 


97. 42 


98. 03 


98. 52 


MILL 




45. 93 


50. 40 


50. 97 


54. 60 




HJ&0J12 


32. 09 


38. 50 


44. 50 


50. 44 




IOSW13 


' 97. 61 


98. 43 


99. 76 


99. 87 






95. 75 


98. 27 


99. 48 


99. 66 






97. 23 


97. 54 


98.04 


99. 60 






98. 56 


99.01 


99. 10 


98. 78 


8sfe 



* Auspec Select SbBMtftl ( 3 %wt/wt* y i*- b > ^ U =J -JU) 
/164ppm Sb 



10 0 3 7] 

o t*iftfcta*H:3:f J a-wy^^/x- h (EGMB) , 

is^yy h (egdb) , s;xf-u^j3- a* (deg) 

^xf-i/y^y /u^ey^o-^^— h (DEGMB) ^XXl^^^i^^^]) 
^—/V^J^l/y^—Y (DEGDB) -C&ofco ^r^fii^ (GCjft^^Ba%) 

[0 0 3 8] 
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m 3 





tiliMD 


CrUUD 






u u \j U u 




0. O / 


0 79 




9 7S 




1 I vU IrT) i 


1 71 


1 7 9fi 




D 17 


3. 95 


-t& /£f| Q 


1 QQ 

i. y«j 


1 9 flQ 


Cd v. vt 


'J. \JO 


0 71 






1 9 

1 <£. Go 


r a 0 AA 


0 ?4 


0 48 






1 A 

1*4. <JO 




0 26 


0. 30 


-^z /Jul l/'J 1 1 


1 38 


3. 93 


0. 53 


0. 45 


2. 36 


HM^J12* 


0.91 


4.01 


0.70 


0.41 


1.39 




2. 16 


15. 62 


0. 15 


0.27 


0.77 




1.79 


19. 87 


ca 0.07 


0.30 


0.91 


Ig*£0iJ 5 


3.02 


25. 60 


0. 28 


0.24 


1.28 


mmm 3 


2. 61 


19. 10 


0. 1 


0.21 


0. 91 



* Amspec Select SbMltVd ( 3 Kwt/wt* >> ^ f- u > f }) 
3 -;l// / 164ppm Sb 



[0 0 3 9] 

XlKtt i 7 

fi*§-&KJSa s , ^/xf uy^y ;KDiili©fcft©fth7y7' 
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[0 0 4 0] 

2t? y xf M s > ICI Polyesters frh&lfe&tl 

M 7-u7?u-hX~&oti 0 W3|B^At>»5*/^%i^*»SSr^^'^?v^^ 0 
[0 04 1] 

:7?* = rtfcWA£ft, »I (Ti 3 Oppm Sfc&P) OT/xfuy^y =x-/W 
ftjWKASo^^rSJPSnfco ^ttSB*TlC2 5 0t*T?2 0-2 
Stt, ^<o«r*-e. ACM (yv», 10 Oppm) isj:tWlFll3A</ub4*ft«f 
(2 5 0 P pm) ^B^;xf i/y^U LtSJD^fco SlS^SK 

HflfJtSiX, IS^Sttl 0 0Pa£#ofc o 2 0-2 5$H£fc:. &Kfi#* 
|:2 5 0 < ti^2 9 O^i-^LfCo 7-C0»*?H»ttJKy 

^»»ft$:lx*:|tt (1 5km/ h) «ca*r**-CE<EdSE«Sii^ **>£-exa 

-1 4B*Wk 5 O'C-eftJftbfCo 
[0 0 4 2] 

sK y "V— CDfete. Colorgard System 2000 Color 
ime t e r fc/HV^SJSSftfco fe^m<^^*^V>^tL^— ««J*^^ 
HHunter Lh, a h*5 XXlb h b< teC i e 1 a b L* , a* iSX 
Xfb* xtr—su-elbV. ^:«b-fH tt>^JS*Sr*fe"t-- *K!W-<£>* 
5fettb-*fc irtlcitJjrrS. 
[0 0 4 3] 

hf^yj- (gpo -esi^^nfc c 

^*^^4ic^-r 0 

[0 0 4 4] 
[*4] 
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m 4 



Ml m 




/.X. PU» »"T InJ 












(b* fit) 


(bh fit) 


(Mn) 




A 


195 


6 


5. 32 


19, 330 


1 l kU l r r ^ 4 


A 


1 10 

1 J. V 


6 7 


5. 37 


16, 290 




A 

/v 


1 40 

JL 4 V 


3. 39 


2. 78 


11, 480 


^/ftHl7 1 J 0 


A 

rv 


1 


3. 34 


2. 57 


14, 130 


»J U EX"s 1 Lj IXJ 


B 


135 


0.71 


0. 56 


19, 550 


Ti COiPr) 4 


A 


115 


9. 06 


6. 67 


15, 190 


f?Jg^ 5 


B 


80 


5.93 


4. 63 


12, 770 


H« 3 


B 


100 


4.05 


2. 9 


15, 420 


mmmio 


B 


100 


8.65 


6. 30 


NA 


mmm\3 


B 


95 


4.47 


3. 56 


NA 



* 250ppm Sb T*mu$ntz$mitm%km?l'- FVSICAck') A¥o 
NA- AM-f 



[0 0 4 5] 

»fcm 8 

tfcS'^f^k KD^'^f^^^U-F (DEDHT) t h^yc(3*t?S^ 
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(OiPr) 4 ] #Jt«<0fcfcfc«JB$*L. F/^yiOmL^DEDHTO. 

a)ic+^7ii-c^t (OSIO D E D H T / h/VA>«ffitCKAl$^ #2t£^<£> 
fete, llmLJlf?^^^ LI CO 2 0 0»3H63t*W"*r«V^-C« 

10 0 4 6] 

[0 0 4 7] 
[*5] 



g_5 



fcfe & 


(Gardner 


tt L 


6 


Ti(OiPr) 4 


11.9 


il^J 1 


6 


HJfe^J 2 


8.5 




5.5 


SSffiPJ 4 


5.5 




5.5 


%mm 6 


8.5 




7 



-24- 



INTERNATIONAL. SEARCH REPORT 



in tor -taJ App'fcairon No 

PCT/GB 98/03448 



B. FIELDS SEARCHED 


Minimum OoajTtenWton score two (ctOTitrirancn system fofloweo by ctaastfteat 

IPC 6 BG1J C07C C08G 


ion symbol) 


Ocoumantebon eearened other than minimum Documentation to the eitcnt that 


such documerrs are tnctuosd in me news saarcnec 



A. CLASSIFICATION OF SUBJECT MATTER , , . „ 

IPC 6 B01J31/12 801J31/14 B01J31/02 C07C67/0S C08G63/82 

AocofOtng tolreomaticnal Paiant C&ssincaaon (IPC) or to Dctn naocral daasincatkxi and FC 



Electronic oata oase consoled during the intsmatiorsU search mama of data case and. *4iaro pracdcal. search (aim used) 



C. DOCUMENTS CQNSJDCREO TO BE Rgl-EVAJfT 



Category ' Cttattori est 



t, of irte retavaat passages 



Rolovarrt to ctobn Mo. 



A,P 

A 
A 



EP 0 816 354 A (BAYER AG) 7 Oanuary 1998 
see page 8, line 35 - page 9, line 55 
see examples 3-5 

UO 96 37534 A (FISCHER KARL IND GM8H 
;HAGEN RAINER (DE); SCHAAF ECKEHART (DE); 
ZI) 28 November 1996 
see example 5 

see page 5, line '27 - line 31 

GB 2 314 081 A (TIOXIDE SPECIALTIES LTD) 

17 December 1997 

cited 1n the application 

DE 24 34 213 A (ICI LTD) 6 February 1975 

US 4 072 631 A (VOGT HERWART CURT ET'AL) 
7 February 1978 



1,4 



1,4,6, 

8-10,15, 

20 



□ 



Furthaf documents ara teted in tie continuation of box C. 



4 Special categories of cited documontB : 

"A* document defining one gunorat tiaio at tne ait which is rot 

corteiderad to be of pertlcutar ra^rarroo 
"E* oortior dooumont but pufiaoTwd on or after tft» intarnetJcnei 

filing data 

V documom wnlch may throw doubts on priority ctairr<a)ar 
vuhicri is cited to establish the potoflcation data of anotnor 
ciatfono* ortrarapeciaJ ro*son <aa cpaeiHadl 

"O* decumert referring W an oral dtectasur*. use. exmbttton or 
other means 

■p* document purtshed prior to the warnattonai rang daw out 
uiar than the pflonty data ctalmed 



T* Uiar oocumart puoliahed «ltorlh» intomationai ffltng data 
or pnooty date ano not m contact wflh ma app« cart fen out 
<rt*o to uno^TtaPO tfta puncipte <tt theory undertying the 



-X- ooc^rr<?ot >l critic ufeu ralavancta: tho ctaJmad (iwarrtion 
.- jnrot o* «n«»oe»d rtovai or cannot ba oonwierod to 
r «n* jn .nvemiva «top wtan me documant fa taken alone 
Y- x x*««rm -t eantcutai retevanco; the claimed invention 

.it<vm re : -^<d»i«d to rweva an tnvenflve step wnon the 
x : ,r~*/a * ; -.f-emfld vwth or»a or morg otAe* tuch aOcu- 
--.-»«. %^:-> - :/*c>naoonbaiegob>eoueto e person eWlled 

"V y:- :urr»-*o» -«^c^ -» ;ra same patent lamfly 



Oele of the actual completion at the trrtamaoonaJ search 

26 February 1999 



i coarch raport 



08/03/1999 



raaasottneiSA 

European Patent Offioe, P.B. 5818 Patenttaan 2 
XL - 22fi0 HV Rifow^{ 
Tel. 34020*0, Tx. 31 B51 epo rt. 

Pax: (^1-70)340-3018 



Auincrvtqoofficer 



Thion, fl 



ameeqtJUViaW} 



-25- 



INTERNATIONAL SEARCH REPORT 

.utomvuton on patent family biotmw 



Inter naf Application No 

PCT/G8 98/03448 



Pa mm document 




Publication 


Patent famly 


PvibScabon 


cited in search reuon 




date 




dote 


EP 0816354 


A 


07-01-1998 


DE 


19625265 A 


02-01-1998 








DE 


19629462 A 


29-01-1998 








JP 


10059957 A 


03-03-1998 








US 


5861107 A 


19-01-1999 


WO 9637534 


A 


28-11-1996 


DE 


19518943 A 


28-11-1996 








CM 


1190411 A 


12-08-1998 








EP 


0827518 A 


11-03-1998 


G8 2314081 


A 


17-12-1997 


AU 


2363597 A 


18-12-1997 








BR 




10-11-1998 








CA 


2207111 A 


11-12-1997 








CZ 


9701762 A 


13-05-1998 








EP 


Q812818 A 


17-12-1997 








HU 


9701024 A 


02-03-1998 








JP 


10Q81646 A 


31-03-1998 








M0 


972645 A 


12-12-1997 








PL 


320469 A 


22-12-1997 








US 


5866710 A ■ 


02-02-1999 


DE 2434213 


A 


06-02-1975 


G8 


1421972 A 


21-01-1976 








AU 


7115274 A 


15-01-1976 








FR 


2237924 A 


14-02-1975 








JP 


50054692 A 


14-05-1975 








JP 


53008352 B 


28-03-1978 








NL 


7409320 A 


20-01-1975 








US 


3965071 A 


22-06-1976 



US 4072631 



07-02-1978 



NONE 



foan PCIVBAeiO (extent teniy tmen (Jufy i flB2) 



-26- 



(51) Int. CI. 7 

C 0 7 F 7/00 

C 0 8 G 63/82 

(81)»«ffl. 



K8IJ«B# 



F I 

C 0 7 F 7/00 
C 0 8 G 63/82 



MM*) 



A 



E P (AT, BE, CH, CY, 



DE, DK, ES, FI, FR, GB, GR, IE, I 
T, LU, MC, NL, PT, SE), O A (B F , BJ 
, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG), A P (GH, GM, K 
E, LS, MW, SD, SZ, UG, ZW), EA(AM 
, AZ, BY, KG, KZ, MD, RU, TJ, TM) 
, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, D 
K, EE, ES, FI, GB, GE, GH, GM, HR 
, HU, ID, I L, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, L R, LS, LT, LU, L 
V, MD, MG, MK, MN, MW, MX, NO, NZ 
, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, U 
S, UZ, VN, YU, ZW 

F & — A (##) 4G069 AA06 BA27A BA27B BA47A 



BC16A BC50A BC50B BC51A 
BE06A BE06B BE08A BE09A 
BE09B BE29A BE29B BE37A 
CB25 CB46 CB75 FC08 

4H006 AA02 AC48 BA02 BA09 BA10 
BA35 BA81 BC37 BJ50 KA02 
KA03 KA06 

4H048 VA80 VB20 

4H049 VN05 VN06 VP01 VS21 VT03 
" VT23 VT27 VT40 VT47 VT52 
VU33 VW01 

4J029 AA03 AB04 AC01 AD01 AD10 
BA02 BA03 BA04 BA05 CB06A 
CC05A FC05 FC08 HB01 
HB03A JA261 JB121 JB131 
JB161 JB171 JC581 JE181 
JF221 JF321 JF331 KA02 
KB05 



-27- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



±d BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




